where the subscript zero refers to values at the canopy surface obtained by extrapolating the temperature and humidity profiles down to (zo + D). Following a procedure similar to that 1579
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where the aerodynamic resistanc,e• ra is given by =
when a similarity is assumed between the transfer coefficients for momentum, heat, and water vapor and when the virtual sink .for momentum is taken to be also a virtual source for heat and water vapor. The quantity Eo, defined by (1), will be called the free evaporation rate in this paper. Monteith [1965] introduced the effect of diffusive resistance to vapor flow of the stomata of the vegetative canopy by considering the canopy as a single extensive isothermal leaf. In his model, transpiration from this leaf is ex- Total evapotranspiration can be considered as entirely transpiration with small error for forests wher• intercepted water is not present, since soil evaporation has been found to be small by man,y workers [e.g., Rutter, 1966] . McNAUGHTON 
AND BLACK' i•OREST EVAPOTRANSPIRATION SURFACE AND AERODYNAMIC P•ESISTANCES
The one-layer model is a considerable simplification of real plant canopies and has attracted strong criticism [Phillip, 1963 [Phillip, , 1966 Tanner, 1963 ; T•dn)ter and Fuchs, 1968]. These criticisms arise from the observation that the simple one-layer model ignores leaf boundary layer diffusion: resistances and aerodyn,amic diffusion resistances between different levels of the canopY. An examination shows that transpiration from each individual leaf surface can be summed to produce an expression for transpiration from the whole canopy that is in, the form of (3) only under the assumption that these resistances are indeed negligible. In general, the surface resistance cannot be rigorously identified with the stomatal resistance of all the leaf surfaces acting in parallel, and such interpretation must be justified by examining the assumptions for each canopy studied.
From the results of Rutter [1967] for a Scots pine plantation it can be seen that stomatal resistances were large in comparison with the aerodynamic and boundary layer resistances within the canopy. There is some expectation, therefore, that surface resistance may be closely related to stomatal resistance in that case and, by implication, also in the present analysis. Good wind profile data for calculating ra are frequently unavailable. For this reason a consideration of the errors introduced into the values of E calculated from (4) caused by an error of estimate in ra is appropriate here. An error formula can be derived by differentiating (4) with respect to ra and then integrating over t'he range of error from r• to ra q- Nighttime and late-afternoon values, when the Bowen ratio was near --1, were erratic and frequently negative. Daytime trends for each day from July 8 through 13 generally followed the pattern observed for July 10 (Figure 2b) . Of the 13 days following July 13, six had surface resistances notably higher than those for the period, two had notably lower values, and the remainder had similar values. On the six days with higher surface resistances the early-morning values were about 60 sec m -•, as was observed for the days prior to July 13, but increased more rapidly during the day. This behavior is illustrated in Figures 2c and d Table 1 . It can be seen that Eo is many times greater than E on all days but July 25. This, plus the difficulty of accurately measuring rs and therefore of calculating Eo, indicates that E0 has little practical significance as a potential evapotranspiration measure for forests. Or. July 25, rain fell continuously, commencing at 0130 PST. The canopy was already wet from a light shower at about 1800 PST the previous evening. The assumption of a saturated surface in the derivation of (1) was satis- lated. By comparing the UBC forest results with a relationship developed by Priestley and Taylor to predict evaporation from wet surfaces, it is tentatively inferred that intercepted water evaporates 20% more rapidly than transpired water and that therefore only 17% of gross interception losses at the UBC forest are to be considered as net interception losses.
